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[57] ABSTRACT

The present invention relates to a method for precisely
elongating a glass preform of an optical fiber body having a
desired outer diameter. In this method, a predetermined part
of the glass preform is elongated as tensile stress is applied
to one end of the glass preform while a predetermined part
of the glass preform is heated and softened successively
from one end toward the other end of the glass preform. In
this elongating operation. while the outer diameter of the
softening portion of the glass preform is measured. the
tensile stress is adjusted such that the outer diameter of the
softening portion coincides with a preset value of the control
outer diameter. In particular, this method is characterized in
that the preset value of the control outer diameter is changed
at least during a predetermined period until termination of
elongation or during a predetermined period from the start of

elongation.

6 Claims, 9 Drawing Sheets

X20

(PNPI -

12Q

4



U.S. Patent May 26, 1998 Sheet 1 of 9 5,755,849




U.S. Patent May 26, 1998 Sheet 2 of 9 5,755,849

13

T
~<v ©
N

o
NONN N NN
$)

ANAVAVANEN B AN



U.S. Patent

May 26, 1998 Sheet 3 of 9 5,755,849

|30
M~ =" & -
L -

XIO
Y_
1B I2b

IO
L e
w\\\ ¢

5 "‘ F376 40

| 3

-—-——.J—

(P1) Pl 1 | X20

4 (PP
2a—| 10

4



U.S. Patent May 26, 1998 Sheet 4 of 9 5,755,849

Fig . 4A

12D

12D
‘ o [ato
- - Q

Fi1g. 48

12D

12D




U.S. Patent

May 26, 1998 Sheet 5 of 9 5,755,849

Fl1g. o

F._-'_I"_""-'—I—I_‘—I_l_l_ﬁ'_i_'l'“"_l-_I—‘_i—l“i_l—-“i _‘1
4

| STEADY STATE

|
|
|
i COMPUTE B ST 1
|
|
|

- ST 2
- YES

= Vel & S ok SelmaewlE o iAEETR F S O EDTEEE F DEUAAE F PN G SEEmpey F oaaagphen & sl & Spmnbemis S S
u

ad
O

CONPUTE B ST3

= ST4

YES

CHANGE SET VALUE OF OUTER STE
DIAMETER

ST 7
N QO

Y ES

END ELONGATION



May 26, 1998 Sheet 6 of 9 5,755,849

U.S. Patent

F1g.6

£ND OF ELONGATION
(LOWER CHUCK STOPPED)

=) at B=-50mm~ +50mm

v SET VALUE

] CHANGING PERIOD

Lid

S D, e

= Y }2mm

=

i \
.
O D
N >
ke \
I
~ =
=
WO
O

0
O

at B=-I0Omm~+120mm
UPPER CHUCK MOVING DISTANCE(mm)

_ Fihg.T

o N

11 O
__-100a

/

N oM by gulelie el “m—‘—-_—'——l“h



U.S. Patent

May 26, 1998 Sheet 7 of 9 5,755,849

Fig. 8

START ELONGATION

SET INITIAL VALUE OF ST38
OUTER DIAMETER

COMPUTE A

ST10 =

YES
CHANGE SET VALUE OF ST172
OUTER DIAMETER
ST13

YES

SET STEADY VALUE TO SET ST14
VALUE OF OUTER DIAMETER

STEADY STATE




U.S. Patent May 26, 1998

5,755,849

= _OWER CHUCK

UPPER CHUCK

Sheet 8 of 9
Fig.9
TERM OF END

{ PORTION ELONGATING |

i OPERATION |
c |
- | e
T _ _ _ _ i _ -
E ) —~

30} 1/ |

3 > l
A 7 |
D 20k Ad |
=) !
= J WA |
o, / / !
> O — —
x 1
O w4 '
- / |
L 1
O 0 — e —

=10 40 O



U.S. Patent May 26, 1998 Sheet 9 of 9 5,755,849

F1g.l0A

12b
Dbl 1b)
200mm k- ¥ PI2{P2)
~B800mm| | D2
Y.

=
O
|| Fig. 0B
1O~ = | g .
| }m
A =
11Oa--- | =
l o
| L =
| L 11 O ' O
(o] ' (O
' T
“Oﬂ"‘""1| N
T2
¥ ™
O
R Lol
| ™
DI } Li]

200mm b
- A PP 1)

Ila(l{a)

—l2a



5.755.849

1

METHOD FOR ELONGATING GLASS
PREFORM

BACKGROUND OF THE INVENTION

1. Fieid of the Invention

The present invention relates to a method for elongating
a glass. which preform is suitable for making an optical fiber.

2. Description of the Related Art

As a method for elongating a glass preform suitable for
making an optical fiber to a predetermined outer diameter.
there has conventionally been known, for example. a method
comprising the steps of heating and softening the glass
preform successively from one end portion thereof by means
of a heater such as a resistance heating furnace or the like;
applying a tensile stress or the like thereto to reduce the
diameter of a part of the glass preform; measuring the outer
diameter of the reduced part of the glass preform by means
of a noncontacting outer-diameter measuring device; and
controlling moving speeds of upper and lower chucks so as
to apply a tensile stress to the glass preform such that the
measured value coincides with a control outer diameter
value which is a target value. Such a controlling method 1s
disclosed in Japanese Patent Application Laid-Open No.
4-83726 and No. 56-45843, for example.

In the conventional elongating method, in order to render
the outer diameter of the resulting elongated body with a
desired value, the outer-diameter measuring device mea-
sures the outer diameter of the softened portion of the glass
preform which is deformed in a taper form by heating while
the tensile stress is applied. In order to coincide the value of
the measured outer diameter with the control outer diameter
value which has been preset. a moving speed of the upper
chuck for feeding the glass preform into a heating furnace
and a moving speed of the lower chuck for pulling the glass
preform from the heating furnace (the moving speed of the
lower chuck is faster than the moving speed of the upper
chuck to apply a predetermined tensile stress to the glass
preform) are controlled.

While the outer diameter (referred to as “finished outer
diameter” hereinafter) of the middle portion of the elongated
body thus obtained has a value somewhat smalier than the
set value of the control outer diameter. the difference
between the set value of the control outer diameter and the
finished outer diameter is constant and stable when the
middle portion (steady portion) of the glass preform having
a steady outer diameter excluding both end portions thereof
is being elongated. Accordingly. when a value determined
by ascertaining the reduction in diameter from the outer
diameter at the measuring position to the finished outer
diameter is into consideration and is set as the contral outer
diameter, and at least one of the moving speeds of the upper
and lower chucks is controlled in a feedback manner, the
glass preform can be elongated so as to obtain a desirable
finished outer diameter.

However, both ends of the glass preform terminate in
conical form in which the outer diameter changes greatly.
Thus. when a tensile stress is applied to the glass preform so
as to attain the set value of the control outer diameter
identical to that used for elongating the middle portion
(steady portion) of the glass preform. a constant finished
outer diameter may not be obtained near both of the end
portions. Specifically. while a central part the steady portion
(i.e.. other than the parts near both the ends of the resulting
elongated body) has a constant diameter yielding a desired
reduction in diameter, tapered portions near both the ends of
the resulting elongated body may have a larger diameter (see
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FIGS. 10A and 10B). In particular. as shown in FIG. 10B.
when the end of the resulting elongated body corresponding
to an end portion on an elongation-start end side of the glass
preform becomes thick, the portion of the glass preform
adjacent the thick end of the resulting elongated body
becomes thin as a result of this conventional method.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a method
for precisely elongating a glass preform of an optical fiber to
an elongated body having a desired outer diameter.

In the elongating method according to the present
invention, as shown in FIG. 1, a glass preform 1, in which
first and second ends (respectively indicated by arrows Pl
and P2 in the drawing) of a steady portion 10 having a
predetermined outer diameter are respectively provided with
first and second tapered portions 11a and 11b, is elongated
in its longitudinal direction so as to yield an elongated body
100 having a desired outer diameter. Disposed within this
glass preform 1 is a region (referred to as “core region”™
hereinafter) 10a which is to become a core of an optical fiber
and extends in the longitudinal direction. while dummy rods
12a and 12b are respectively attached to the first and second
tapered portions 11a and 115 to facilitate their handling. On
the other hand. in the elongated body 100, the ends (portions
indicated by arrows P11 and P12 in the drawing respectively
corresponding to the ends P1 and P2 in the steady portion 10
of the glass preform 1) have tapered portions 11la and 1115
(respectively corresponding to the first and second tapered
portions 11a and 115 of the glass preform 1).

Specifically, the elongating method according to the
present invention is performed by means of an elongating
apparatus shown in FIG. 2. First, in this elongating method.
the dummy rod 12k of the glass preform 1 is gripped by an
upper chuck 13 while the dummy rod 12z is gnpped by a
lower chuck 14. whereby the glass preform 1 is set to the
elongating apparatus of FIG. 2. The upper chuck 13 feeds
the glass preform 1 into a heater 9 such as a resistance
heating furnace or the like at a predetermined speed (first
speed) along the direction indicated by the arrow S1 in the
drawing. Accordingly. the glass preform 1 is heated at its
portion (heating portion) positioned in the heater 9 succes-
sively from the first tapered portion 11a toward the second
tapered portion 11b, whereby a predetermined portion
(softened portion 200) including the heating portion 1is
softened (heating process). On the other hand. the lower
chuck 14 moves along the moving direction of the upper
chuck 13 (along the direction indicated by the arrow S2
identical with that indicated by the arrow S1) faster than the
upper chuck 13. thereby applying a tensile stress to the glass
preform 1 whose predetermined portion is softened while
cooperating the upper chuck 13 (elongating process).
Accordingly, the glass preform 1 becomes an elongated
body which is elongated by the difference between the
distance of movement of the upper chuck 13 and that of the
lower chuck 14. Here, the outer diameter of the elongated
body 100 is controlled as a control unit 7 controls the speed
of movement of at least one of the upper chuck 13 and lower
chuck 14 in a feedback manner by measuring the outer
diameter at a predetermined position 15 in the softened
portion 200 of the above glass preform 1 by means of an
outer-diameter measuring device 6, so as to make the
measured value coincide with a set value of control outer
diameter which has been preset (control process).

In particular. the elongating method according to the
present invention is characterized in that the above set value
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of the control outer diameter is changed at least during a
period from a time when the distance between the second
end P2 of the steady portion 10 of the above glass preform
1 and an opening position (position indicated by Q in the
drawing) of the heater 9 has become a predetermined value
to a time when the elongation operation (including the
elongating process) is terminated. Here, the set value of the
control outer diameter may be changed as being either
reduced stepwise or altered continuously in response to the
distance of movement of the glass preform 1 fed into the
heater 9.

Also, the apparatus of FIG. 2 applies a desired tensile
stress to the glass preform 1 by utilizing the difference in
speed (difference of the distance of movement) between the
upper chuck 13 and the lower chuck 14. thereby adjusting
the outer diameter of the resulting elongated body 100.
Accordingly, during the period for changing the set value of
the control outer diameter. the outer diameter of the elon-
gated body 100 is controlled as the moving speed of at least
one of the upper chuck 13 and lower chuck 14 is adjusted
such that the measured value coincides with the set value. In
particular, this speed control includes an operation for
stopping the upper chuck 13 used for feeding the glass
preform 1 into the heater 9 during a period from a prede-
termined time to the time when the elongation operation is
terminated. Here, in the elongating apparatus of FIG. 2, the
chuck can be stopped when the set value of control diameter
is set to zero.

Further, in the elongating method according to the present
invention, the set value of the control outer diameter may be
changed not only during the predetermined period including
the time when the elongation operation is terminated such as
that mentioned above but also during a predetermined period
from the time when the elongation operation is started.
Namely, the above set value of the control outer diameter is
changed during a period from the time when the elongation
operation is started to a time when the distance between the
first end P1 of the steady portion 10 of the glass preform 1
and the opening position Q of the heater 9 has become a
predetermined value.

The set value of the control outer diameter may be
changed by being increased either stepwise or continuously
in response to the amount of movement of the glass preform

1 fed into the heater 9.

Here. in this specification. “time when the elongation
operation is started” refers to a time when at least the lower
chuck 14 for applying a tensile stress to the glass preform 1
starts moving, whereas “time when the elongation operation
is terminated” refers to a time when the lower chuck 14 1s

stopped.

The present invention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of illus-
tration only. and thus are not to be considered as limiting the
present invention.

Further scope of applicability of the present invention will
become apparent from the detailed description given here-
inafter. However. it should be understood that the detailed
description and specific examples, while indicating pre-
ferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed descrip-
tron.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view depicting each part of a glass preform to
be elongated and its corresponding part in an elongated body
obtained after elongation operation;

10

15

20

25

30

35

45

50

55

65

4

FIG. 2 is a view showing a configuration of an apparatus
for performing the elongating method according to the
present invention;

FIGS. 3A to 3C are conceptual views depicting how a
glass preform changes in form from the time when ¢longa-
tion operation is started until the time when elongation
operation is terminated;

FIGS. 4A and 4B are views depicting positional relation-
ships between the glass preform and a heater shown in FIG.
3C;

FIG. § is a flow chart summarizing an end portion
elongating operation during a predetermined period until the
termination of elongation operation;

FIG. 6 is a graph showing change in a set value of control
outer diameter with respect to moving distance of an upper

chuck in the end portion elongating operation shown in the
flow chart of FIG. 3;

FIG. 7 is a view showing the exterior of an elongated body
obtained by the elongating method according to the present
invention;

FIG. 8 is a flow chart summarizing an end portion

elongating operation during a predetermined period from the
start of elongation operation;

FIG. 9 is a graph showing a relationship of change in
speed of upper and lower chucks with respect to the position
of the glass preform in the end portion elongating operation
shown in the flow chart of FIG. 8; and

FIGS. 10A and 10B are views showing exteriors of the
respective end portions of an elongated body when the
elongating method according to the present invention 1s not
performed.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following, the elongating method according to the

present invention will be explained with reference to FIGS.
1t09.

In FIG. 1. the middle portion of a glass preform 1 to be
elongated has a cylindrical form. Both end portions of an
end portion (first tapered portion) 11a on the elongation-start
end side of the glass preform 1 and an end portion 115
(second tapered portion) on the elongation-stop end side of
the glass preform 1 are terminated as being processed into a
conical form. Further, dummy rods 12a and 12b are respec-
tively attached to the tips of these first and second tapered
portions 11a and 115 to facilitate their handling.

FIG. 2 is a view showing a configuration of an apparatus
for performing the elongating method according to the
present invention, showing an intermediate state in the
elongating the above glass preform 1. In FIG. 2. numeral 9
refers to a vertical heating furnace (included in a resistance
heating furnace). Numeral 200 denotes a softened portion
(portion deformed in a taper form by heating while applying
a tensile stress) of the glass preform 1 during elongation for
the glass preform 1. The softened portion 200 is designed
with hatching. Specifically, the softened portion 200 refers
to a taper shape which extends from a position correspond-
ing to the upper end of the vertical heating furnace 9 through
a heated portion 3 and a measured part 15 of outer diameter
to an end part of a steady portion 110 of an elongated body
100. The heated portion 3 is portion of the glass preform 1
heated during elongation operation by the vertical heating
furnace 9. and constitutes a part of the heat-softened portion
200 residing in the vertical heating furnace 9. Numeral 210
refers to an outer peripheral portion (hereinafter. referred to
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as “heated center portion”) of the heated portion 3 which
corresponds to the center position in the longitudinal direc-
tion of the vertical heating furnace 9. In general. the heated
center portion 210 has the highest temperature and the
lowest viscosity in comparison with other parts. thereby
being a part which is the most sensitive to the speed of the

upper chuck 13 (determined on the basis of factors of the
thickness and the like of the glass preform 1) and tensile

Stress.

Numeral 6 refers to an outer-diameter measuring device
which radiates a laser beam so as to measure the outer
diameter at the predetermined part 15 of the softened portion
200 in a noncontacting manner. As to the part 15 to be
measured, an optimal position separated from the end
(corresponding to the opening position Q of the heating
furnace 9) of the softened portion 200 by a predetermined
distance along the advancing direction (indicated by arrows
S1 and S2) is empirically selected by trial and error. When
the outer diameter of the measured part 15 and a set value
of control outer diameter are compared with each other, the
tensile stress applied to the glass preform 1 is adjusted.

Numeral 14 refers to a lower chuck for gripping the
dummy rod 12a disposed at the elongation-start end of the
glass preform 1 to be elongated; numeral 13 refers to an
upper chuck for gripping the dummy rod 125 located at the
elongation-stop end of the glass preform 1. Numeral 8 is a
driving motor for moving the lower chuck 14 at a predeter-
mined speed in the direction indicated by the arrow S2,
whereas numeral 5 is a driving motor for moving the upper
chuck 13 at a predetermined speed (slower than that of the
lower chuck 14) in the direction indicated by the arrow 51,
The glass preform 1 is thereby elongated with cooperation of
these motors.

The apparatus of FIG. 2 applies a tensile stress to the glass
preform 1 by the difference between the moving speeds of
the upper and lower chucks 13 and 14. That is, the difference
between the distance of movement per unit time of the upper
chuck 13 and the distance of movement per unit time of the
lower chuck 14 corresponds to the length of elongation per
unit time. Accordingly, the moving speeds of the upper and
lower chucks 13 and 14 are controlled by comparing a
measured value of outer diameter at the measured part 15 of
the softened portion 200 with a set value of the control outer
diameter. The moving speeds are controlled as follows:
when the measured value is larger than a set value of the
control outer diameter which has been preset. the difference
of speed between the upper chuck 13 and the lower chuck 14
increases; when the measured value is smaller than the set
value of the control outer diameter, the difference of speed
thereof decreases. The pulling operation of the lower chuck
14 performs a function of elongating the glass preform 1
mainly. Also, the feeding operation of the upper chuck 13
performs a function of regulating the moving speed and
distance of movement of the glass preform 1. Here. the
speeds of these upper and lower chucks 13 and 14 are
controlled with consideration being given to the change in
heat capacity due to the change in outer diameter. The
smaller the outer diameter (outer diameter of the steady
portion 10 in particular) of the glass preform 1, the faster the
moving speeds of the upper and lower chucks 13 and 14; the
larger the outer diameter of the glass preform 1, the slower
the moving speeds of the upper and lower chucks 13 and 14.

Numeral 7 refers to a control unit for adjusting indepen-
dently the moving speeds and distances of movement of the
foregoing upper and lower chucks 13 and 14. and compares
the outer diameter value of the measured part 15 measured
by the outer-diameter measuring device 6, with the preset
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control outer diameter, to determine the moving speed of the
lower chuck 14 and/or the moving speed of the upper chuck
13. thereby driving the driving motors 8 and 3.

The elongation operation of the glass preform 1 in the
elongating apparatus of FIG. 2 will be described with
reference to FIGS. 3A to 3C. Note that FIGS. 3A to 3C as
described above are views showing an clongating method
according to the present invention in time series.

First the glass preform 1 determined previously in its
shape and dimension is set on the elongating apparatus such
that the dummy rods 124 and 125 are gripped by the lower
chuck 14 through the heating furnace 9. and the upper chuck
13, respectively (see FIG. 3A). In general. the glass preform
1 is set such that the lower end (portion indicated by the
arrow P1) of the steady portion 10 of the glass preform 1 is
located above an opening position QQ of the heating furnace
9 (A>0 mm). When the first tapered portion 11a of the glass
preform 1 set is short in the longitudinal direction with
respect to a size of the heating furnace 9, the lower end Pl
of the steady portion 10 of the glass preform 1 is located in
the heating furnace 9. However, the interval A between the
lower end P1 of the steady portion 10 and the opening
position Q of the heating furnace 9 is typically set in the
range of 0 mm to 100 mm.

"The elongation of the steady portion 10 of the glass
preform 1 is conducted successively from a state shown in
FIG. 3B to a state shown in FIG. 3C. That is. FIG. 3B shows
a state (state that the glass preform 1 is elongated by
(X2-X1)) at the time that the upper chuck 13 moves from a
setting position (corresponding to the position 13¢ indicated
by dotted lines in the drawing) by X1, and the lower chuck
14 moves from a setting position (corresponding to the
position 140 indicated by dotted lines in the drawing) by X2.
On the other hand, FIG. 3C shows a state (state that the glass
preform 1 is elongated by (X20-X190)) at the time that the
upper chuck 13 moves from a setting position
(corresponding to the position 130 indicated by dotted lines
in the drawing) by X10. and the lower chuck 14 moves from
a setting position (corresponding to the position 140 indi-
cated by dotted lines in the drawing) by X20.

Thus., when the steady portion 10 of the glass preform 1
is elongated. its outer diameter is constant: accordingly. a
finished outer-diameter (outer diameter of the steady portion
110 of the elongated body 100) is reduced at a substantially
constant speed with respect to the outer diameter at the
measured part 15 of the softened portion 200. For this
reason. the control unit 7 controls a tensile stress to be
applied to the glass preform 1 by comparing a value of outer
diameter of the measured part 15 obtained from the outer-
diameter measuring device 6 with a set value of the control
outer diameter in order to coincide the measured value with
the set value. More specifically. in the elongating apparatus
of FIG. 2, when a predetermined difference between the
moving distance of the upper chuck 13 and that of the lower
chuck 14 is provided (moving distance per unit time of the
lower chuck 14 is provided larger than that of the upper
chuck 13). the tensile stress is applied to the glass preform
1. Accordingly, when the moving speed of the upper chuck
13 and/or the moving speed of the lower chuck 14 are
adjusted. the length of elongation per unit time of the glass
preform 1 is varied. Consequently, the finished outer-
diameter of the resultant elongated body 100 is controlled.

Next, as shown in FIG. 3C. described with reference to a
flow chart of FIG. S, an end portion elongating operation
during a period from the time when the interval B between
the upper end of the glass preform 1 (portion indicated by



5.755.849

7

the arrow P2 in the drawing) and the opening position Q of
the heating furnace 9 becomes a predetermined value to the
termination of the elongation operation. Here. in the follow-
ing description. when the interval B is a negative number.
the interval B shows a state that the upper end P2 of the
steady portion 10 of the glass preform 1 does not reside in

the heating furnace 9 yet as shown in FIG. 4A. On the other
hand. when the interval B is a positive number. the interval
B shows a state that the upper end P2 of the steady portion
10 of the glass preform 1 resides in the heating furnace 9 as
shown in FIG. 4B.

In the steady state (state that a steady portion elongating
operation for elongating the steady portion 10 of the glass
preform 1 as shown in FIG. 3B is performed). the control
unit 7 controls the driving motors 5 and 8 to coincide the
measured value from the outer-diameter measuring device 6
with the set value of the control outer diameter (speed
control of the upper and lower chucks 13 and 14). On the
other hand. since the shape and size of the glass preform 1
set on the elongating apparatus of FIG. 2 is determined in
advance, the control unit 7 monitors the interval B between
the opening position Q of the heating furnace 9 and the
upper end P2 of the steady portion 10 of the glass preform
1 up to the time when the elongation operation is terminated
based on information concerning the glass preform 1 and a
moving distance of the upper chuck 13 (Step ST1, ST2).

Then. when the above interval B is not less than a
predetermined value “a”. the control operation performed in
the control unit 7 shifts from the steady portion elongating
operation to an end portion elongating operation to change
the set value of the control outer diameter in the steady state.
In the end portion elongating operation, the set value of the
control outer diameter is changed until the above interval B
satisfies a predetermined condition (BZp).

At the step of shifting from the steady state to this
operation, the set value is decreased by a predetermined
value (Step ST6). and the interval B is compared with the
condition as to judge whether the interval B satisfies the
condition or not (Step ST7). If the condition is not satisfied.
the control unit 7 computes the interval B successively (Step
ST3). and judges whether it is not lower than a value a; (i=1,
2,3.. .. 0,;<0,0, . . . ) defining the time that changes the
set value or not (Step ST4). Thereafter, the control unit 7
repeats the value changing operation (Step ST3 to 5T7) of
the set value with incrementing the variable i until the
condition is satisfied. In the specification, “the time when the
elongation operation is terminated™ refers to a time that at
least the lower chuck 14 is stopped.

EMBODIMENT 1

Next, as a specific elongation operation. described is
Embodiment 1 that elongates a glass preform 1 of 70 mm in
diameter (diameter of a steady portion 10) to an elongated
body 100 of 40 mm in diameter (diameter of a steady portion
110).

The prepared glass preform 1 is comprised of a cylindrical
glass body (steady portion 10) having an outer diameter of
70 mm and a length of 500 mm. and conical glass portions
(tapered portions 1la. 11b) each having a height
(corresponding to a length in a longitudinal direction of the
prepared glass preform 1) of 100 mm. the conical glass
portions respectively attached to ends of the cylindrical glass
body. Further. dummy rods 12a and 125 of 30 mm in outer
diameter are connected to the end portions of the tapered
portions 11a and 115 by fusion, respectively.

Here. an elongation condition in the steady state (a period
of elongating the steady portion 10 of the glass preform 1 as
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shown in FIG. 3B) is as follows: setting speeds of the upper
and lower chucks 13 and 14 are 10.0 mm/min and 30.6
mm/min. respectively; and a set value Dx of a control outer
diameter is 44.0 mm.

In the elongation operation. while a speed ratio of the
upper chuck 13 and the lower chuck 14 as described above
was first kept 1.0:3.06. moving speeds of the upper and
lower chucks 13 and 14 were elevated to the above setting
speeds at the time required of 10 minutes (steady state
shown in FIG. 3B). Thereafter, a feedback control (control
of outer diameter) is performed by changing the moving
speed of the upper chuck 13 so as to cancel the change of the
outer diameter at a measured part 15 of a softened portion
200 while the moving speed of the lower chuck 14 was kept
constant. The steady portion 10 of the prepared glass pre-
form 1 was thereby elongated. Here. the control unit 7
performed the above control (a steady portion elongating
operation) of outer diameter. and computed the interval B
between the upper end P2 of the steady portion 10 and an
opening position Q of a heating furnace 9 during the period
based on determined information concerning the glass pre-
form 1 and distance of movement of the upper chuck 13 in
order to shift the steady portion elongating operation to an
end portion elongating operation.

In the end portion elongating operation of Embodiment 1.

when the interval B was 0 mm, the set value Dx of the
control outer diameter in the steady state was decreased by

0.5 mm (set value: 43.5 mm); when the interval B was +20
mm, the set value was decreased by 0.5 mm (set value: 43.0
mm). Then, when the above interval B was +20 mm. the
upper chuck 13 was stopped. Only the lower chuck 14 was
further moved at the above set speed by 500 mm. and then
the elongation operation was finished. Here, “a time when
the elongation operation is terminated” refers to a time when
at least the lower chuck 14 is stopped. In addition. the upper
chuck 13 is stopped before the termination of elongation
operation of Embodiment 1. This is performed when the set
value of the above control outer diameter is set at 0 mm.

As a result of Embodiment 1 described above, the end
portion of the resulting elongated body 100 has the configu-
ration shown in FIG. 7. As is apparent from this drawing, the
outer diameter decreases smoothly from a steady portion 110
to a tapered portion 111k, whereby an clongated glass
preform (elongated body 100) having a uniform outer diam-
eter with a precision of 40 mm+1.0 mm is obtained.

EMBODIMENT 2

Next. described is Embodiment 2 that elongates a glass
preform 1 of 130 mm in diameter (diameter of a steady
portion 19) to an elongated body 100 of 70 mm in diameter
(diameter of a steady portion 110).

The prepared glass preform 1is comprised of a cylindrical
glass body (steady portion 10) having an outer diameter of
130 mm and a length of 500 mm. and conical glass portions
(tapered portions 11a, 11) each having a height of 200 mm.
the conical glass portions respectively attached to ends of
the cylindrical glass body. Further, dummy rods 12a and 125
of 30 mm in outer diameter are connected to the end portions
of the tapered portions 1la and 115 by fusion. respectively.

Here, an elongation condition in the steady state 1s as

follows: setting speeds of upper and lower chucks 13 and 14
are 10.0 mm/min and 34.5 mm/min, respectively; a set value
Dx of a control outer diameter is 78.0 mm.

In the elongation operation, while a speed ratio of the
upper chuck 13 and the lower chuck 14 as described above
was first kept 1.0:3.45. moving speeds of the upper and
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lower chucks 13 and 14 were elevated to the above set
speeds at the time required of 10 minutes (steady state
shown in FIG. 3B). Thereafter. while a feedback control (a
steady portion elongating operation) was performed by
changing the moving speed of the upper chuck 13 so as to
compensate for the change of the outer diameter at a
measured part 15 of a softened portion 200 in a state where
the moving speed of the lower chuck 14 was kept constant.
the steady portion 10 of the prepared glass preform 1 was
elongated.

In the end portion elongating operation of Embodiment 2.
when the interval B computed in the control unit 7 was 30
mm. a set value of the control outer diameter was decreased
by 0.5 mm (set value: 77.5 mm); the set value was decreased
by 0.5 mm each time the upper chuck 13 proceeded 10 mm
(each time the above interval B was increased by 10 mm).

Finally, when the interval B was set at 72.0 mm, the
elongation operation was completed. Note that the upper
chuck 13 did not stop up to the termination of elongation
operation in Embodiment 2.

Start of the end portion elongating operation as described

above is suitable when the value of the above interval B falls
in the range of =50 mm to +50 mm. Also. it is preferable that
the set value of the control outer diameter set finally is
smaller than the set value DX in the steady and the difference
between the values is 2 mm or more. In the end portion
elongating operation. the upper chuck 13 may stop at either
time of —10 mm to +120 mm of the interval B. Accordingly.
a range capable of providing the set value of the control

outer diameter is a region indicated in oblique lines of FIG.
6.

Next, an end portion elongating operation during a period
from the start of elongation operation to a predetermined

time is explained by use of a flow chart of FIG. 8.

First, the glass preform 1 is set at an initial preform
position v,. which corresponds to an initial interval between
a lower end P1 of the steady portion 10 of the glass preform
1 at the time of setting the glass preform 1 to the apparatus
of FIG. 2 and an opening position Q of the heating furnace
9, and an initial value of control outer diameter is set (Step
ST8). Thereafter, the upper chuck 13 and lower chuck 14 are
moved at respective predetermined speeds (start of elonga-
tion operation of the glass preform 1) in a state that a heating
furnace 9 is heated sufficiently.

At this time, in addition to controling the moving speeds
of the above upper and lower chucks 13 and 14, the control
unit 7 computes an interval A between a lower end P1 of the
steady portion 10 of the glass preform 1 predetermined in the
shape and dimension and an opening position Q of the
heating furnace 9. based on the distance of movement of the
upper chuck 13 (Step ST9). The control unit 7 compares the
preform position v; (j=1. 2. 3. . . . 1 ¥,>¥, >Y; >. . . >0)
defining a time of changing the set value of the control outer
diameter with the interval A (Step ST10). At this time. if the
interval A is less than v;. the control unit 7 increments the
variable j (Step ST11). while changing the set value of the
control outer diameter (Step ST12). Then at the time that the
interval A is finally 0 mm (Step ST13), the control unit 7 sets
the set value Dx of the confrol outer diameter in the steady
state (Step ST14). then shifting to the steady portion elon-
gating operation in the steady state.

Here, though A=0 is set as a condition of termination of
the above end portion elongating operation. this termination
condition may be a negative value when the length in a
longitudinal direction of the tapered portion of lower end
11a of the glass preform 1 is short (state that the lower end
P1 of the steady portion 10 is located in the heating furnace
9).
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EMBODIMENT 3

Next, described is Embodiment 3 (same condition as that
of Embodiment 2) that elongates a glass preform 1 of 130
mm in diameter (diameter of a steady portion 10) to an
elongated body 100 of 70 mm in diameter (diameter of a
steady portion 110).

The prepared glass preform 1 is comprised of a cylindrical
glass body (steady portion 10) having an outer diameter of
130 mm and a length of 500 mm. and conical glass portions
(tapered portions 11a. 116) each having a height of 200 mm.
the conical glass portions respectively attached to ends of
the cylindrical glass body. Further. dummy rods 12a and 125
of 30 mm in outer diameter are connected to the end portions
of the tapered portions 11a and 115 by fusion. respectively.

Here. an clongation condition in the steady state is as
follows: setting speeds of the upper and lower chucks 13 and
14 are 10.0 mm/min and 34.5 mm/min. respectively; and a
set value Dx of an outer diameter of control is 78.0 mm.

In the end portion elongating operation performed during
a period from the start of elongation operation to a prede-
termined time, the glass preform 1 was first set at the
position of A=+80 mm. Then. the upper chuck 13 and lower
chuck 14 are driven while an initial speed ratio is 1.0:3.45.
In the meantime, the control unit 7 performed feedback
control (control of outer diameter) such that the moving
speed of the lower chuck 14 varied to cancel the change of
the outer diameter at a measured part 15 of a softened
portion 200 while increasing the moving speed of the upper
chuck 13 at a constant speed (see FIG. 9).

In the end portion ¢longating operation. the set value at
the time the elongation operation was started (A=+3() mm)
was set at 74 mm; the set value of the control outer diameter
was increased 0.5 mm each time the upper chuck 13
proceeded 10 mm (each time the interval A decreased 10
mm); finally the set value was 78 mm (=Dx) at the time of
the interval A was (J mm.

For comparison, appearances of end portions of elongated
bodies obtained by elongating methods not performing the
aforementioned end portion elongating operation are shown

in FIG. 10A and FIG. 10B.

FIG. 10A shows the end portion of an elongated body
(Comparative Examples 1 and 2) formed by elongating
under the elongation condition of the same steady state as
those of Embodiments 1 and 2; FIG. 10B shows the end
portion (Comparative Example 3) of an elongated body
formed by elongating under the elongation condition which
is the same as that of Embodiment 3.

As shown in FIG. 10A. according to Comparative
Examples 1 and 2, when the end portion elongating opera-
tion of Embodiments 1 and 2 was not performed. the upper
end of each of the elongated bodies was thick. Specifically,
in Comparative Example 1 (using the preform of Embodi-
ment 1), an outer diameter D2 of the upper end was thicker
by about 10 to 15 mm than an outer diameter (finished outer
diameter) D1 of the steady portion 110 of the elongated
body. Also. in Comparative Example 2 (using the preform of
Embodiment 2). the outer diameter D2 of the upper end was
thicker by 5 to § mm than D1. For this reason, an effective
region of the elongated body is shorter by about 300 mm to
600 mm than that of the elongated body obtained by the
elongating method according to the present invention. On
the other hand, as shown in FIG. 10B, Comparative Example
3 confirmed that when the elongating operation of the
present invention is not performed the lower end is thicker
with partially causing “pneck down.” In Comparative
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Example 3. an outer diameter D4 of the thicker portion is
thicker by about 3 mm to 5 mm than the outer diameter
(finished outer diameter) D1 of the steady portion 110. while
an outer diameter D3 of the section causing “neck down” is
thinner by about 1 mm than D1. For this reason, the effective
region of the elongated body is shorter by about 500 mm to
700 mm than that of the elongated body obtained by the
elongating method according to the present invention.

Fluctuation in outer diameter of the resulting elongated
body is studied below. It is assumed that. when the outer
diameter is typically measured at a part of the softened
portion 200 near the steady portion 110 of the elongated
body 100. the difference between the control outer diameter
and the finished outer diameter may become smaller. thereby
improving the precision in finished outer diameter and
reducing the fluctuation in outer diameter. However. moving
the measured part 15 farther from the heated portion 3
thereby lowers the viscosity and deteriorates the response of
this part to a tensile stress. As a result, it becomes difficult
to control stably the finished outer diameter.

By contrast. when the measured part 15 is positioned near
the heated portion 3. though controllability becomes
favorable. the difference between a value of the control outer
diameter and the finished outer diameter is so large that
when the outer diameter before elongation has changed. for
example, it tends to influence the finished outer diameter.
thereby easily causing fluctuation in outer diameter.
Accordingly, as a trade-off between the response of control
and stability in outer-diameter fluctuation. in general the
outer diameter is measured at an optimal position empiri-
cally found within the range of the softened portion 200
having a taper form. which is separated from the heated
portion 3 of the glass preform 1 by a predetermined distance
of movement, so as to control the pulling speed (depending
on the moving speed of the lower chuck 14).

As a result, since the measured part 15 is separated from
the heated portion 3. when the pulling speed is controlled so
as to make the outer diameter at the measured part 13
coincide with the set value of the control outer diameter. its
effect is exhibited most remarkably at the heated center
portion 210, while failing to be detected after the moving
time from the heated center portion 210 to the measured part
15 is passed. Consequently, the control instruction cannot be
fed back.

In a case where the proximity of the tapered portion 1la
in a conical form located near the lower end P1 of the glass
preform 1 is elongated, when the outer diameter at the
heated center portion 210 approximates the outer diameter at
the time of the steady portion elongating operation. the
positional relationship is such that the outer diameter at the
measured part 15 is much smaller than the value of the
control outer diameter at the time of the steady portion
elongating operation. Consequently, the moving speed of the
lower chuck 14 is controlled so as to become smaller.
Nevertheless, since the outer diameter at the heated center
portion 210 is not so different from that of the steady portion
110 of the glass preform 1. the finished outer diameter
becomes thicker inversely.

By contrast, the reason why the upper end of the elon-
gated body (portion corresponding to the tapered portion 115
located near the upper end P2 of the glass preform 1)
becomes thicker essentially differs from that mentioned
above because the relationship in dimension between the
outer diameter at the softened portion 200 and that at the
measured part 15 are inverse to each other at the upper and
lower ends of the glass preform 1.
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As described above. the control outer diameter is set
taking a determined reduction in diameter from the mea-
sured outer diameter at the measured part 1S to the finished
outer diameter into consideration. However, the magnitude
of this reduction in diameter varies in response to the outer
diameter of the glass preform 1 as follows: the larger the
outer diameter of the glass preform 1. the larger the reduc-
tion in diameter; the smaller the outer diameter of the glass
preform 1. the smaller the reduction in diameter.

In a case where the proximity of the conical tapered
portion 115 located near the upper end P2 of the glass
preform 1 is elongated. since the outer diameter at the
softened portion 200 gradually reduces (due to heating the
conical tapered portion 115). the difference between the
outer diameter at the measured part 15 and the finished outer
diameter becomes smaller. Since the outer diameter at the
measured part 15 is controlled so as to coincide with the
value of the control outer diameter in this state. the finished

outer diameter becomes thicker.

Namely, in a case where the proximity of the conical end
portion 115 located near the upper end P2 of the glass
preform 1 is elongated. when the outer diameter at the
measured part 15 becomes smaller than the set value of the
control outer diameter, the upper chuck 13 or lower chuck 14
is controlled such that the elongation speed becomes slower.
However, in this case, since the part which has already
passed through the measured part 15 and whose outer
diameter approximates that of the steady portion 110 of the
glass preform 1 still has a high temperature and a low
viscosity. it is influenced by reduction in moving speed.
consequently attaining a thicker finished outer diameter.

As a conventional method of elongating the glass preform
near the tapered portions 1la and 11b. that disclosed in
Japanese Patent Application Laid-Open No. 4-83728 has
been known, for example, though these problems have not
sufficiently been overcome yet.

Though the foregoing embodiment relates to a case where
the diameter of the glass preform 1 at its steady portion 1¢
is constant, without being restricted thereto, the present
invention is also applicable to a case where the diameter at
the steady portion 10 changes.

Also in the above embodiment. when the end portion 1la
located near the lower end P1 of the glass preform 1 is
elongated, the moving speed of the upper chuck 13 is
constant and the moving speed of the lower chuck 14 is
controlled. As a modification of this embodiment, the mov-
ing speed of the upper chuck 13 may be reduced in response
to an increase in outer diameter of the tapered portion 1la.
The latter operation is effected in order to change the moving
speeds of the chucks 13 and 14 in response to change in heat
capacity due to change in outer diameter of the glass preform
1, thereby making the viscosity of the softened portion 200
as constant as possible so as to yield a finished outer
diameter with a further higher precision.

For the same reason, when the tapered portion 115 located
near the upper end P2 of the glass preform 1 is to be
elongated, the moving speed of the upper chuck 13 may be
controlled in a state where the moving speed of the lower
chuck 14 is set so as to increase in response to reduction in
outer diameter.

In accordance with the present invention. even when the
outer diameter of the glass preform before elongation 1s not
uniform. an elongated body having a very uniform outer
diameter throughout its length can be obtained. allowing
resources to be effectively utilized.

From the invention thus described. it will be obvious that
the invention may be varied in many ways. Such variations
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are not to be regarded as a departure from the spirit and
scope of the invention. and all such modifications as would

be obvious to one skilled in the art are intepded to be
included within the scope of the following claims.

The basic Japanese Application No. 317810/1995 filed on
Dec. 6. is hereby incorporated by reference.

What is claimed is:

1. A method of forming an elongated glass body. said
method comprising the steps of:

preparing a glass preform, the glass preform tncluding a
steady portion with a length extending in a longitudinal
direction of the glass preform and having a uniform
outer diameter along the length. a first tapered portion
with a first tapering outer diameter. and a second
tapered portion with a second tapering outer diameter,
each of the first and second tapering outer diameters
being smaller than the uniform outer diameter, the first
tapered portion and the second tapered portion being
disposed on a first end and a second end of the steady
portion, respectively;

feeding the glass preform into a heater at a first speed so
that the first tapered portion is fed to the heater before
the second tapered portion. the heater operating at a
temperature sufficient to heat and soften the glass
preform;

moving the glass preform through the heater along an
advancing direction and thereby heating and softening
the glass preform with the heater at predetermined parts
of the glass preform as the predetermined parts move
through the heater in a successive manner along the
advancing direction;

discharging the glass preform from the heater at a second

speed which is faster than the first speed and thereby
applying tensile stress to the glass preform to ¢longate

the glass preform; and

measuring at a predetermined position a measured value
of an outer diameter for each of the predetermined parts
subjected to said heating and softening steps as the
predetermined parts successively move by the prede-
termined position and, based upon a comparison
between the measured value and a preset value of a
control outer diameter, adjusting at least one of the first
and second speeds so that the measured value corre-
sponds to the preset value,

wherein at least a first portion of said step of adjusting is
conducted during a first period of time from when a
distance between the second end of the steady portion
and an opening of the heater is a first value to when said
step of moving is terminated, so that the first period of
time encompasses a second period of time during
which the second tapered portion is moved through the
opening, and

wherein during said first portion of said step of adjusting.

said process further comprises decreasing the preset
value of the control outer diameter in a first stepwise
manner in response to a distance of movement of the
glass preform in the advancing direction.

2. A method according to claim 1, wherein said step of
feeding is stopped from a predetermined time until the time
when said step of moving is terminated.

3. A method according to claim 1, wherein a second
portion of said step of adjusting is conducted during a third
period of time from when said step of moving is started to
when a distance between the first end of the steady portion
and the opening of the heater is a second value, so that the
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third period of time encompasses a fourth period of time
during which the first tapered portion is moved through the
opening of the heater. and wherein during said second
portion of said step of adjusting said process further com-
prises increasing the preset value of the control outer diam-
eter in a second stepwise manner in response to the distance
of movement of the glass preform in the advancing direction
while the glass preform 1s in the heater.

4. A method according to claim 3. wherein said step of
feeding is stopped from a predetermined time until the time
when said step of moving is terminated.

5. A method of forming an elongated glass body. said
method comprising the steps of:

preparing a glass preform. the glass preform including a

steady portion with a length extending in a longitudinal
direction of the glass preform and having a uniform
outer diameter along the length. a first tapered portion
with a first tapering outer diameter, and a. second
tapered portion with a second tapering outer diameter,
each of the first and second tapering outer diameters
being smaller than the uniform outer diameter. the first
tapered portion and the second tapered portion being
disposed on a first end and a second end of the steady
portion, respectively;

feeding the glass preform into a heater at a first speed so

that the first tapered portion is fed to the heater before
the second tapered portion. the heater operating at a
temperature sufficient to heat and soften the glass
preform;

moving the glass preform through the heater along an
advancing direction and thereby heating and softening
the glass preform with the heater at predetermined parts
of the glass preform as the predetermined parts move
through the heater in a successive manner along the
advancing direction;

discharging the glass preform from the heater at a second
speed which is faster than the first speed and thereby
applying tensile stress to the glass preform to elongate
the glass preform; and

measuring at a predetermined position a measured value
of an outer diameter for each of the predetermined parts
subjected to said heating and softening steps as the
predetermined parts successively move by the prede-
termined position and, based upon a comparison
between the measured value and a preset value of a
control outer diameter, adjusting at least one of the first
and second speeds so that the measured value corre-
sponds to the preset value,

wherein at least a first portion of said step of adjusting 1s
conducted during a first period of time from when said
step of moving is started to when a distance between
the first end of the steady portion and an opening of the

heater is a first value, so that the first period of time
encompasses a second period of time during which the

first tapered portion is moved through the opening. and

wherein during said first portion of said step of adjusting,.
said process further comprises increasing the preset
value of the control outer diameter in a stepwise
manner in response to a distance of movement of the
glass preform in the advancing direction.
6. A method according to claim S, wherein said step of
feeding is stopped from a predetermined time until the time
when said step of moving is terminated.
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